Abstract
During the past 18 years, Padre Island National Seashore (PAIS) has been using 40 satellite telemetry to understand migratory patterns and habitat of adult Kemp's 41 ridleys [4, 5, 6 ]. Kemp's ridley adults are primarily found in the Gulf of Mexico [7] [8] . 42 Juveniles are also found along the eastern seaboard of the United States as far north as 43 Nova Scotia, Canada [9] . The adult Kemp's ridley turtles are mainly active in coastal 44 waters less than 165 feet deep, and the smallest juveniles Kemp's ridley are found in 45 shallow waters, often foraging in less than 3 feet of water [10] . Young sea turtles have 46 ventured up the Northeast Coast, leaving warm seas to feed on crabs and other prey. 47 Sea turtles on the East Coast of the US swim to warmer waters to spend the 48 winter. For example, turtles in the vicinity of Virginia, tend to migrate south in late 49 fall each year [11, 12, 13] . However, even in Florida, significant mortalities have been and try to explain these distributions based on FVCOM-derived simulated particle 80 tracks, wind records, and observations of water temperature.
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FVCOM is a prognostic, unstructured-grid, Finite-Volume, free-surface, three- by Chen et al [20] . FVCOM is solved numerically by a second-order accurate discrete 86 flux calculation in the integral form of the governing equations over an unstructured copyright under 17 USC 105 and is also made available for use under a CC0 license. preprint (which was not peer-reviewed) is the author/funder. This article is a US Government work. It is not subject to is terminated when the estimated water temperature exceeds the cold-stunned level.
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Binned averaged current and wind to help explain strandings 157 The model data used is the hourly output of the FVCOM model as described in 158 section 2.1 above. Even before looking at particle tracks, we first averaged the 159 observed current, modeled current, and wind stress on 0.05 ° bins. The "observed 160 current" is derived from averaging the first differences of the near-hourly drifter fixes Table 1 . The top four towns with the largest number of strandings from 2012 to 2015 copyright under 17 USC 105 and is also made available for use under a CC0 license. preprint (which was not peer-reviewed) is the author/funder. This article is a US Government work. It is not subject to now turn to verifying the FVCOM model before using it to simulate turtle advection. example, the middle of the bay, most of the region is resolved by the model. When we copyright under 17 USC 105 and is also made available for use under a CC0 license.
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copyright (Fig 10c) , Truro, Wellfleet, and Eastham had the most strandings (253, 276 225, and 260, respectively), and their positions are consistent with the oceanic 277 currents and winds shown by the simulated current and wind maps (Fig 10a and 10b) , Comparing the mean wind for one week in mid-November 2014 (Fig 10a) to the mean 282 wind for the entire month of November 2014 (Fig 10d) , we see the intensity of the 283 mid-November period explains the unusually high rate of strandings on the Outer 284 Cape. The intensity of these events is best described in the form of time series plots 285 below. In the future turtle rescue work, FVCOM 3 day forecast model can be used to 286 simulate stranding events and help volunteer beach walkers focus their efforts. copyright under 17 USC 105 and is also made available for use under a CC0 license.
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As previous studies have found, when the water temperature of the Cape Cod Fig 11) . When the 317 temperature is less than 10.5 o C and the wind stress from a particular direction is 318 greater than ~0.4 Pa, the strandings generally increase but both conditions must be 319 met. In the case of 2012 (Fig 12) , for example, the strong wind in early November 320 resulted in near-zero strandings since the water temperature was still above 11 o C. In 321 the case of 2013 (Fig 13) , there was a pair of events with strong northwesterly wind copyright under 17 USC 105 and is also made available for use under a CC0 license. preprint (which was not peer-reviewed) is the author/funder. This article is a US Government work. It is not subject to The copyright holder for this . http://dx.doi.org/10.1101/418335 doi: bioRxiv preprint first posted online Sep. 14, 2018; (Fig 14) , 326 the wind in mid-to-late November was not strong but it was persistently from the west 327 over many days with a drop in both surface and bottom temperature of a few degrees 328 which evidently resulted in historically high amounts of strandings. 329 In order to quantify the relationship between wind stress and the number of 330 strandings, we calculated the correlation between wind stress and the number of 331 strandings when the temperature was below 10.5 o C. As noted above, it is not only the 332 strength of the wind that may be important but the persistence of the wind over time.
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For this reason, we chose to calculate the "3-day sum of the windstress components" . 
345
In all of the above cases (2012-2014), it is clear that water temperature is 346 important as well as the wind so it is necessary to understand the change of ocean 347 temperature before estimating the origin of stranded turtles. Time series of surface 348 temperature are extracted from 10 FVCOM grid nodes across Cape Cod Bay (Fig 16) . 349 The temperature across the 10 nodes is similar, dropping to 10. where the backtracking generated origins within the bay (Fig 17) . We also looked at 359 the estimate of temperature along their track (Fig 18) . In these time series we see that 360 a) many of the stranded turtles were exposed to <10.5 o C water in mid-to-late 361 November and b) there were more December stranding events in 2012. The 200-meter-per-kilometer difference in modeled vs observed trajectory shown 389 earlier grows over long distances and time so that the numerical circulation models copyright under 17 USC 105 and is also made available for use under a CC0 license. preprint (which was not peer-reviewed) is the author/funder. This article is a US Government work. It is not subject to The copyright holder for this . http://dx.doi.org/10.1101/418335 doi: bioRxiv preprint first posted online Sep. 14, 2018; 390 and particle tracking routines will need to be improved considerably before these 391 particle tracking tools can be used confidently and operationally. Hence, it will be necessary to improve the accuracy of both the circulation models 402 like FVCOM with more data assimilation but we also need to improve our particle 403 tracking models with both the effects of wind and waves and processes near the coast. 404 Despite these limitations, models like FVCOM are improving every year 405 particularly with increasing grid resolution, incorporation of more realistic 406 bathymetry, and more observations to assimilate. In order to examine the effect of 407 different grid resolution, for example, we conducted a sensitivity study comparing 408 particle tracks on the "GOM3" vs "MassBay" grid (Fig 19) . It can be seen here that copyright under 17 USC 105 and is also made available for use under a CC0 license. preprint (which was not peer-reviewed) is the author/funder. This article is a US Government work. It is not subject to and the depth at which the turtles generally reside during this critical time in the fall. preprint (which was not peer-reviewed) is the author/funder. This article is a US Government work. It is not subject to The copyright holder for this . http://dx.doi.org/10.1101/418335 doi: bioRxiv preprint first posted online Sep. 14, 2018; 439 they were first exposed to cold-stun temperatures (<10. 
